The photosystem I complex from Nicotiana tabacum, which has an alloploid genome, contains subunits of 17.5 and 18.5 kilodaltons whose N-terminal amino acid sequences are highly homologous. Comparative analysis of photosystem I subunits among N. tabacum and its ancestral plants, N. tomentosiformis and N. sylvestris, revealed that the 17.5 kilodalton subunit of N. tabacum derives from N. sylvestris, and the 18.5 kilodalton subunit from N. tomentosiformis.
prepared from leaves (17) , and PSI was purified as previously described ( 16) .
Determination of N-Terminal Amino Acid Sequence PSI proteins were separated by LDS3-PAGE (16) , blotted onto PVDF membranes, and subsequently applied to a gasphase protein sequenator, ABI model 470A, according to the method of Matsudaira (13) .
The PSI complex in higher plants contains two large subunits of 82 kD and several small subunits of less than 20 kD (2, 3, [15] [16] [17] 25) . The two large subunits are the products of chloroplast genes, psaA and psaB (4, 8, 9, 12, 19, 22) , and characteristically bear P700 and electron acceptors A0, Al, and Fx (5). These two subunits are highly conserved over a wide range of plant species. In contrast to this, the number and molecular mass of the smaller subunits reported by different laboratories varies, raising the question whether these discrepancies result from the interspecies variation or from the differences in experimental procedures.
Tobacco is one of the most suitable plants for the analysis of photosystem proteins because its chloroplast genome is completely sequenced (22) and there are many mutants and interspecific hybrids (23) . In this paper, we report a polymorphism in Nicotiana tabacum of a PSI low molecular mass subunit, the psaD gene product (6, 11, 14, 21 
RESULTS AND DISCUSSION
LDS-PAGE analysis showed that the PSI complex from Nicotiana tabacum contains proteins of 18.5 and 17.5 kD (Fig. 1) . N-Terminal amino acid sequences determined for the first 30 residues ofeach protein showed striking homology. Within this area, the only difference between them lies in the respective presence or absence of three alanine residues (Fig.  1 ). These proteins are not encoded by the tobacco chloroplast genome, indicating that they are of nuclear origin. Judging from their N-terminal amino acid sequences, these proteins are homologous to the psaD gene product (6, 11, 14, 21) which is a putative ferredoxin-binding protein (26) .
Why are these two proteins so homologous? We considered the following three alternative hypotheses to explain this homology. (a) The first hypothesis is that the proteins of 18 .5 and 17.5 kD are derived from different ancestral genomes of N. tabacum. N. tabacum is alloploid, containing two types of nuclear genomes which are derived from different ancestral plants (10) . (b) The second possibility is that these two proteins are products of a multigene family as is the case for apoproteins of the light-harvesting complex (20) . (c) The third possibility is that they are partially homologous subunits and both are necessary for PSI function. This situation would be similar to the psaA and psaB proteins of PSI (4, 8) , and Dl and D2 proteins of PSII (1, 7) .
In this study, we examined the first hypothesis in more detail. N. tabacum, which has 24-paired chromosomes, is thought to be the progeny of a cross between N. sylvestris and N. tomentosiformis, both of which have 12-paired chromosomes (10) . We compared the PSI proteins among these three species. As shown in Figure 2 , LDS-PAGE analysis revealed that the 18.5 kD protein of N. tabacum shares the same mobility with a PSI protein from N. tomentosiformis (the left arrow), and the 17.5 kD protein shares mobility with a protein from N. sylvestris (the right arrow). Furthermore, the Nterminal amino acid sequence of the protein from N. tomentosiformis is identical with that of the 18.5 kD protein of N. tabacum, and also the N-terminal sequence of the protein from N. sylvestris is identical with that of the 17.5 kD protein of N. tabacum (Fig. 3) . These results indicate that the 18.5 kD protein ofN. tabacum is derived from N. tomentosiformis, and the 17.5 kD protein is from N. sylvestris. This finding indicates that insertion and/or deletion of the three alanine residues occurred during the evolution of this protein within the genus Nicotiana. Considering that photosystem proteins of chloroplast origin are highly conserved over a wide range of plant species (18) , this variability in amino acid sequence even within the genus seems to be a characteristic of nuclear-encoded proteins. This implies that the difference in reported number and molecular mass of the PSI small subunits is probably due in many cases to the variability of these proteins among plant species, since most of the PSI small subunits are of nuclear origin (3, 18).
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